MATERIALS AND METHODS
Cumulative incidence of retinoblastoma for children of ages 0Ð14 at different geographical locations during various time intervals between 1969 and 1987 were taken from Parkin et al (1988) , Parkin and Stiller (1995) , and from data used in the compilation of Parkin et al (1992) which were communicated by Dr Max Parkin. For each population under study, mean values of latitude and longitude were estimated, and these were used to determine the annual ambient erythemal dose of UVB by the method of Diffey and Elwood (1993) using tabulated dose values for clear skies at each latitude and plots of average percentage cloud cover as a function of latitude and longitude, which they provide, at intervals throughout the year and using linear interpolation between tabulated and plotted values. For the purposes of this analysis, cases of eye tumour with unspecified histology were distributed between retinoblastoma and other tumour types in the same ratio as the known cases for the same centre, and this accounts for entries showing fractional numbers of cases. The data were analysed by linear regression, weighted to take account of population size, using the GLIM statistical package (Numerical Algorithms Group, Oxford, UK).
RESULTS
In a preliminary analysis, I have reported that published values of the incidence of retinoblastoma taken from Parkin et al (1988) fall significantly with increasing geographical latitude (Hooper, 1994) , consistent with an aetiological role for sunlight. However, because of the earthÕs axial tilt, sunlight exposure is greatest at the tropics rather than at the equator, and it is also influenced by cloud cover (Diffey and Elwood, 1993) . I have, therefore, refined the analysis (Table 1 and Figure 1 ) using annual ambient erythemal doses of UVB calculated from published tables. This analysis shows that incidence does indeed increase significantly with dose, the difference between the slope of the regression line and zero being significant at the 1% level.
Most centres do not report on the laterality of tumours. However, analysis of data from those centres that do report laterality (Table 2 and Figure 2 ) shows no significant increase in the incidence of bilateral tumours with annual ambient UV dose, but a highly significant one in the case of unilateral tumours.
DISCUSSION
The effects on retinoblastoma incidence documented here, even when unilateral cases are considered separately, are less severe than those reported for squamous cell carcinoma of the eye, the incidence of which varies over more than two orders of magnitude between centres with high and low UVB exposure (Newton et al, 1996) and which may explain why they have not previously been detected.
A number of possible reasons must be considered for the effect seen in Figure 1 . First, it could be a consequence of ascertainment bias, due either to variations in under-or over-reporting of retinoblastoma or in estimating the size of the population from which the patients are drawn. It might, for instance, be argued that data from equatorial regions are least reliable in this context because they contain a higher proportion of information from developing countries. Second, it could be due to genetic differences between the populations under study in the form of differences in frequency of germline RB-1 mutations, or differences in frequency of alleles at other loci that influence the frequency of somatic events leading to loss of heterozygosity at the RB-1 locus resulting, for instance, from variations in the racial composition of populations. Third, it could be a direct effect of exposure to UVB, or to other wavelengths present in sunlight, or to another environmental variable correlated with sunlight exposure; the most obvious hypothesis is that it is due to an effect of sunlight on somatic events leading to RB-1 inactivation. Based on this hypothesis, because individuals inheriting a germline RB-1 mutation almost invariably develop bilateral retinoblastomas, one would predict that the effect would be due largely or entirely to unilateral tumours, which in general occur sporadically and require two somatic events. The data of Figure 2 are consistent with this prediction.
The analysis shown in Figure 2 argues against the hypothesis that the effect in Figure 1 is due to ascertainment bias, which would be expected to affect data on unilateral and bilateral tumours in a similar fashion; it also argues that it is not due to differences in RB-1 germline mutation frequency, which would affect bilateral tumour incidence preferentially. The hypotheses that it is due to differences in allele frequencies at other loci, or to an environmental variable correlated with sunlight exposure, cannot be formally excluded, but a direct effect of sunlight provides the most ready explanation of the data. This would be consistent with the mutation spectrum of sporadic retinoblastoma: first-hit lesions include some C to T transitions, consistent with action of UV radiation, although instances of the CC to TT change that is more diagnostic of UV mutagenesis have not been reported, whereas second-hit lesions are uninformative usually involving gross chromosomal change (reviewed by Murphree and Munier, 1994) . To test this hypothesis further, it would be valuable for more centres to report the laterality of tumours, and also to report eye pigmentation so that its effect on incidence can be assessed. It would also be of interest to determine the critical period for UV exposure. Most retinoblastomas develop in the first 5 years of life (Knudson, 1971 ) and the period of susceptibility to UV may be restricted to a relatively small fraction of this 5-year interval, perhaps immediately after birth when the retina is least mature. If this period is less than a year, it may be possible to detect a variation in retinoblastoma incidence at a given location as a function of the month of birth. If not, a study of patients who had migrated between locations with different UV exposure would be necessary, posing daunting problems in defining a sufficiently large dataset and in identifying and quantifying the corresponding Ôat riskÕ populations.
We have tested the hypothesis that differences in exposure to ultraviolet radiation between mice and humans are alone sufficient to account for the lack of retinoblastomas in Rb-1 +/Ð mice by controlled exposure of the mice to fluorescent light with a daylight spectrum, but have not observed any retinoblastomas in the exposed mice (JF Armstrong, MH Kaufman and MLH, unpublished observations) . This leaves open the possibility that it is important in combination with other differences. The latter could include a possible need in the mouse for an additional genetic event or events involving genes such as p53, p107 or p130 (Hooper, 1994) . We have carried out controlled exposure of Rb-1 +/-p53 Ð/Ð mice to light without obtaining any retinoblastomas. However, it has recently been reported (Robanus Maandag et al, 1998) that retinoblastomas developed in 6 out of 14 chimaeric eyes in mice containing cells doubly homozygous for mutant alleles of Parkin and Stiller (1995) and references cited therein. No other independent datasets in which incidences of unilateral and bilateral retinoblastoma were recorded separately were identified in a literature search. Table 1 , plotted as a function of annual ambient erythemal dose of UVB. The bold continuous line is a linear regression, whose slope, 0.004100 ± s.e. 0.001334, is significantly different from zero (t 64 = 3.073, 0.001 < P < 0.01) Rb-1 and p107. This demonstrates that in addition to Rb-1 inactivation, retinoblastoma formation in the mouse requires mutation of p107 and probably a further event involving an unidentified gene that occurred somatically in the chimaeras. There is not, at present, a ready explanation for a difference in requirement for these additional events between mouse and human. Nonetheless, whatever the complete explanation for the difference in retinoblastoma incidence between Rb-1 +/-mice and RB-1 +/-humans, it has stimulated an analysis that has revealed a previously unsuspected association between UVB exposure and the incidence of unilateral, but not bilateral, retinoblastoma in human populations. Table 2 , plotted as a function of annual ambient erythemal dose of UVB. Regression lines have been fitted separately to unilateral data: broken line, slope 0.01295 ± s.e. 0.001958, significantly different from zero (t 9 = 6.614, P < 0.001); and to bilateral data, bold continuous line, slope 0.0003361 + s.e 0.0008433, not significantly different from zero (t 9 = 0.3986, P > 0.5)
